While polymer oil recovery greatly improves oil recovery, the polymer injected into the formation undergoes shearing, degradation, etc., and returns with the output liquid in the form of an anionic polyacrylamide of lower molecular weight, resulting in a production fluid. There is residual polymer, and this kind of polymer-containing wastewater is easy to contaminate the walnut shell filter in the sewage treatment process, resulting in failure of the walnut shell filter material, introduce hydrophilic sulfonic acid groups on the surface of the walnut shell filter material to lipophilic to hydrophilic of the surface. The dosage of NaHSO 3 is 10-20% of the mass fraction of walnut shell filter (mass ratio %). Reflux reaction, and the reaction time was 1-5 h; the surface wettability of the walnut shell reversed. The surface contact angle drops from 95° before modification to 36.75°-66.25°, Its surface hydrophilic oleophobic performance has been significantly improved, Treatment of 150-230 mg/L of oily sewage, filtration and oil removal rate increased from 38.05% to 89.51% by modification; Backwashing and degreasing effect is increased by 4 times.
The experimental water sample was obtained from an oilfield on-site wastewater with a salinity 9 of 9374.13 mg/L. The mass concentration of the polymer simulating the water was 50 mg/L. 10 Then, the water sample added with the polymer was heated at 60°C, added with the standard 11 crude oil of the oilfield and emulsified by a high shear emulsifier at 12,600 r/min for 5.00-10.00 12 min to obtain a water sample surface free from oil slick; its oil content was 150.00-230.00 mg/L. 13 The water sample oil content was determined in accordance with the 'determination of oil 14 content in oilfield wastewater-spectrophotometric method' (SY/T 0530-2011). then adding three kinds of reaction agent m x (mass ratio m x /m 1 %), reacting at different 3 temperatures for different time, the series reaction conditions are shown in Table 1 .
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A certain amount of washed walnut shell filter material is added to the reaction bottle 5 provided with the stirring device and the condenser, and deionized water is added until the filter 6 material is completely immersed in a certain ratio of chemical solution under reflux for different 7 time. After the reaction is completed, the filter material was poured out, rinsed with clear water 8 until colorless and dried in an oven at 105°C for 3 h. The unmodified filter material is No. 0, and 9 the reaction conditions are changed to obtain a series of modified filter materials No. 1-6 of 10 different reaction conditions. The steel pipe with an inner diameter of 40 mm was filled with walnut shells pressed using a 7 steel piston. The test machine started the compression resistance test by slowly pressurising the 8 filter material with a force speed of 0.10 kN/s to obtain the stress-deformation curve before and 9 after modification. Table 2 . 4 The sewage (60°C) is continuously into the filter by the pump, and the filter material is 5 completely immersed in the water during the filtration process, and the pump is set to stabilize The main components of walnut shells include acid-insoluble lignin, cellulose and hemicellulose.
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Although differences are found in the surface composition of walnut shells in different varieties 12 and regions, the content of acid-insoluble lignin present in walnut shells is relatively high, accounting for more than 50% of the components. As the basic structure of the acid-insoluble 1 lignin in the walnut shell exhibit mainly hydroxyl groups, phenolic groups, α-C and γ-C, that 2 confer high chemical activity to the walnut shell. The introduction of hydrophilic groups at these 3 sites with higher chemical activity gives the walnut shell filter material the ability to resist oil 4 stain adhesion and easy backwash regeneration. Lignin has three structural units, namely, 
Filter Material Characterisation and Mechanical Property Analysis
EDS analysis
1 Table 3 shows the EDS results of the filter material surface. The unmodified walnut shell 2 contains four elements: C, O, Ca and K. In addition to these elements, the modified walnut shell 3 also has Na, S and Mg, it is indicated that the surface of the Walnut shells successfully 4 introduces a hydrophilic sulfonic acid group. The contact angle (θ) is an important measure of the relationship between the material and the 19 wettability of the liquid. Θ = 90° can be used as the boundary between wetting and nonwetting.
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When θ < 90°, it can be wetted; when θ > 90°, it cannot be wetted [10] [11] [12] [13] . Table 4 shows that Therefore, the optimum conditions of the filter reaction, the ratio of the ratio of the agent 7 to the filter material are: Na 2 CO 3 20.00%, NaHSO 3 10.00% and Na 2 SO 3 0.10%, and the reaction 8 temperature is 105°C reflux reaction time 3 h. 9 Fig. S1 . The modification process. 
